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1 Introduction
In RAN2#109-e [1], we addressed lots of remaining issues on NR early measurements. However, we understand that the following issues are still not finalized: 
· FFS 1: whether to introduce granular availability / request indication of early measurement results (i.e. EUTRA, NR or both) for LTE and NR configured early measurements
· FFS 2: need code of ssb-MeasConfig IEs in 38.331
· FFS 3: how to handle the mismatch between the list of carriers that the UE is configured to measure and what it can measure/report
· FFS 4: whether to include measIdleConfig in the AS-Config as part of HandoverPreparationInfo
In this contribution, we discuss FFS 1, FFS2 and FFS 3. We discuss FFS 4 in the contributed co-sourced with Ericsson [2]. 
2 Discussion  
FFS 1: whether to introduce granular availability / request indication of early measurement results (i.e. EUTRA, NR or both) for LTE and NR configured early measurements
The background is that some companies [3] proposed that to have RAT granular availability indication (i.e. LTE, NR or both) in RRC(Connection)ResumeComplete and RRC(Connection)SetupComplete messages. Additionally, it is also proposed to have same RAT granular request in RRC(Connection)Resume UEInformationRequest message. The intention of these proposals is for optimal resource utilization (e.g. less resources can be granted when a UE indicates it has only E-UTRA measurement). 
Observation 1: The intention of introducing granular availability / request indication is for optimal resource utilization when the UE has only available early measurement of one RAT (e.g. less resources can be granted when a UE indicates it has only E-UTRA measurement).
As side information, RAN2#109-e [1] agreed to introduce per-RAT early measurement indicator in system information of both LTE and NR:

· For early measurements while camping in LTE, the UE is required to measure E-UTRA if idleModeMeasurements-r15 is included. The UE is required to measure NR carriers, if idleModeMeasurements-r16 is included IEs, in SIB2 respectively.
· In NR rel-16, the idleModeMeasurements can be used to specify whether the UE is required to perform early measurements on EUTRA, NR or both carriers. FFS if one IE (i.e. ENUMERATED {eutra, nr, both} or separate IEs (i.e. one for EUTRA, one for NR) is to be used.

Observation 2: RAN2 has introduced per-RAT early measurement indicator in system information of both LTE and NR, i.e. it is used to indicate whether the UE is required to perform early measurements on EUTRA, NR or both carriers in NR/LTE SIB
Back to FFS1, we think that the existing mechanism (i.e. the UE reports all available early measurement same as Rel-15 euCA) is enough. we think the proposals of granular availability / request indication are non-critical optimizations with marginal benefit:
· Non-critical: Rel-16 early measurement could work well without these 2 proposals (i.e. the UE reports all available early measurement same as Rel-15 euCA). We are nore sure why we needs to purse these non-critical optimization at this stage.
· Marginal benefit: Since RAN2 has introduced per-RAT early measurement indicator in SIB of both LTE and NR, granular availability / request indication can’t save UE power consumption but just reduce reporting overhead. And we doubt how much overhead can be achieved. Furthermore, the granular availability / request may not be useful in some cases: e.g. the UE may have stopped NR early measurements when idleModeMeasurements-r16 is absent in SIB2. Then, we are not sure how granular availability/request can help.
· Increased UE efforts: if we agree granular availability / request indication, then we think that the UE needs extra efforts to check the per-RAT availbilty and filter the early measurements in same RAT. We think that it is better for NW to do it because NW will anyway need to filter its useful measurements (e.g. concerned frequencies) from UE’s reporting. We are not sure how much processing reduction the NW can achieve in reporting granular of just per-RAT.
Observation 3: Rel-16 existing solution works well (i.e. the UE reports all available early measurement same as Rel-15 euCA). Thus, granular availability / request indication is a kind of signalling optimization at late stage of Rel-16 DCCA. 

Observation 4: Considering RAN2 has introduced per-RAT early measurement indicator in SIB of both LTE and NR, granular availability / request indication will bring only marginal benefit in signalling reduction 
Observation 5: Granular availability / request indication will put extra efforts on UE to check the per-RAT availbilty and filter the early measurements in same RAT. It is better for NW to do it because NW will anyway need to filter its useful measurements (e.g. concerned frequencies) from UE’s reporting
Based on these analyses, we don’t think it is essential to introduce granular availability / request indication for early measurements. 
Proposal 1: As in LTE euCA, one single availability / request for both LTE and NR configured early measurements
FFS 2: need code of ssb-MeasConfig IEs in 38.331
In current running RRC CR, it is not clear what is the need code of SSB related configurations in MeasIdleCarrierNR-r16, i.e. nrofSS-BlocksToAverage-r16, absThreshSS-BlocksConsolidation-r16, smtc-r16 and ssb-ToMeasure-r16.                   
MeasIdleCarrierNR-r16 ::=         SEQUENCE {

    carrierFreqNR-r16                   ARFCN-ValueNR,

    ssbSubcarrierSpacing-r16            SubcarrierSpacing,

    frequencyBandList                   MultiFrequencyBandListNR 
OPTIONAL, --Need R

    measCellListNR-r16                  CellListNR-r16                       OPTIONAL,
-- Need R

    reportQuantities-r16                ENUMERATED {rsrp, rsrq, both},

    qualityThreshold-r16                SEQUENCE {

        idleRSRP-Threshold-NR-r16           RSRP-Range                  OPTIONAL,
-- Need R

        idleRSRQ-Threshold-NR-r16           RSRQ-Range                  OPTIONAL
       -- Need R

    }                                                                          OPTIONAL, 
-- Need S

    ssb-MeasConfig-r16                   SEQUENCE {

        nrofSS-BlocksToAverage-r16          INTEGER (2..maxNrofSS-BlocksToAverage)       OPTIONAL,   -- Need FFS
        absThreshSS-BlocksConsolidation-r16 ThresholdNR                                     OPTIONAL,   -- Need FFS
        smtc-r16                            SSB-MTC                                               OPTIONAL,   -- Need FFS
        ssb-ToMeasure-r16                   SSB-ToMeasure                                      OPTIONAL,   -- Need FFS
        deriveSSB-IndexFromCell-r16         BOOLEAN,

        ss-RSSI-Measurement-r16             SS-RSSI-Measurement                         OPTIONAL

--    Editors note: FFS if nrofSS-BlocksToAverage and absThreshSS-BlocksConsolidation should be defined together with the carrierFreqNR (i.e. outside the ssb-MeasConfig structure)


}                                                                          OPTIONAL, 
-- Need R 

    beamMeasConfigIdle-r16              BeamMeasConfigIdle-NR-r16       OPTIONAL,
-- Need N


...

}

Note that MeasIdleCarrierNR-r16 can be included in both RRC release message (UE specific) and SIBx (cell specific)
RRCRelease-v16xy-IEs ::=            SEQUENCE {

    measIdleConfig-r16                 SetupRelease {MeasIdleConfigDedicated-r16}   OPTIONAL, -- Need M

    nonCriticalExtension               SEQUENCE {}                                  OPTIONAL
}

SIBx ::=                            SEQUENCE {

    measIdleConfigSIB-r16               MeasIdleConfigSIB-r16                       OPTIONAL, -- Need S

    lateNonCriticalExtension            OCTET STRING                                OPTIONAL,

    ...

}

MeasIdleConfigSIB-r16 ::= SEQUENCE {

    measIdleCarrierListNR-r16       SEQUENCE (SIZE (1..maxFreqIdle-r16)) OF MeasIdleCarrierNR-r16          OPTIONAL,     -- Need S

    measIdleCarrierListEUTRA-r16    SEQUENCE (SIZE (1..maxFreqIdle-r16)) OF MeasIdleCarrierEUTRA-r16       OPTIONAL,     -- Need S

    ...

}

MeasIdleConfigDedicated-r16 ::= SEQUENCE {

    measIdleCarrierListNR-r16       SEQUENCE (SIZE (1..maxFreqIdle-r16)) OF MeasIdleCarrierNR-r16          OPTIONAL,     -- Need N

    measIdleCarrierListEUTRA-r16    SEQUENCE (SIZE (1..maxFreqIdle-r16)) OF MeasIdleCarrierEUTRA-r16       OPTIONAL,     -- Need N

    measIdleDuration-r16            ENUMERATED{sec10, sec30, sec60, sec120, sec180, sec240, sec300, spare},

    validityAreaList-r16            ValidityAreaList-r16                                                   OPTIONAL,     -- Need N    

    ...

}

Meanwhile, please note that these 4 IEs are all “need S” in NR SIB4:  
	SIB4 field descriptions

	absThreshSS-BlocksConsolidation

Threshold for consolidation of L1 measurements per RS index. If the field is absent, the UE uses the measurement quantity as specified in TS 38.304 [20].

	nrofSS-BlocksToAverage

Number of SS blocks to average for cell measurement derivation. If the field is absent, the UE uses the measurement quantity as specified in TS 38.304 [20].

	smtc

Measurement timing configuration for inter-frequency measurement. If this field is absent, the UE assumes that SSB periodicity is 5 ms in this frequency.

	ssb-ToMeasure

The set of SS blocks to be measured within the SMTC measurement duration (see TS 38.215 [9]). When the field is absent the UE measures on all SS-blocks.


Observation 6: The need code of IEs on SSB measurement in NR SIB4 (nrofSS-BlocksToAverage-r16, absThreshSS-BlocksConsolidation-r16, smtc-r16 and ssb-ToMeasure-r16) are all “need S”.         
Observation 7: The IEs on SSB based early measurement can be included in both RRC release message (UE specific) and SIBx (cell specific)      
Then, if we still use “need S” for these 4 IEs for early measurements, we need to consider the cases that one IE is configured in only SIB but not in RRC release, or only in RRC release but not in SIB. Then the default UE behaviour will be quite complex because it related to two different signalling approaches. We have concern that it will a lot of issues and multiple CRs to correct it.
Observation 8: If we still use “need S” for these 4 IEs for early measurements, we need to consider the cases that one IE is configured in only SIB but not in RRC release, or only in RRC release but not in SIB. Then the default UE behaviour will be quite complex
In our understanding, the NR SIB4 uses “need S” for these IEs because the cell selection / reselection is quite important for NR performance. But the intention of early measurement is to speed up DC / CA setup, which is not as essential as cell selection / reselection. Therefore, we prefer to define the simplest UE behaviour: all these IEs use “Need R”, i.e. when these IEs are not provided in both RRC release and SIB, the UE doesn’t perform early measurements on the concerned frequency. 

Proposal 2: Use “need R” for SSB related configurations in MeasIdleCarrierNR-r16 (including nrofSS-BlocksToAverage-r16, absThreshSS-BlocksConsolidation-r16, smtc-r16 and ssb-ToMeasure-r16). When these IEs are not provided in both RRC release and SIB, the UE doesn’t perform early measurements on the concerned frequency.                  
FFS 3: how to handle the mismatch between the list of carriers that the UE is configured to measure and what it can measure/report

The background is that some companies [4][5] raised one issue: the UE can be configured to measure up to 8 carriers but can store/report only 3 of them. Then how the UE can decide which 3 frequencies to report? They proposed to have a priority indicator in the early measurement carrier list to cover the case where the number of early measurement frequencies that the UE can measure/report may be less than the number of early measurement frequencies that the UE is configured to measure. 
Observation 9: The NR UE can be configured to measure up to 8 carriers but can store/report only 3 of them. 
This problem is inherited from LTE euCA where the UE can be configured to measure up to 8 carriers but can store/report only 3. Please note that the same issue has been discussed in LTE euCA (RAN2#108) [5], and RAN2 agreed to leave it to UE implementation:
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· Nokia thinks network normally doesn’t configure more than UE supports but we don’t write this to specification. 

· Qualcomm agrees it’s left up to UE implementation. Ericsson thinks UE should report the strongest carriers. Huawei agrees with Qualcomm.

· Qualcomm thinks procedural text also has a quality threshold controlling which cells are reported.

· RAN2 agrees it’s up to UE implementation which carriers to report.
Observation 10: the same issue has been discussed in LTE euCA (RAN2#108), and RAN2 agreed to leave it to UE implementation.
From technique view, we have below 2 concerns to introduce frequency priority for early measurements:

1) The cell quality threshold (RSRP/RSRQ) has been specified in RRC release message to control which cells are reported. Even if one frequency is configured to measure, the UE will not report it if its quality is below the threshold. We understand that it is a similar function of the proposed frequency priority. 
2) The frequency priority for early measurements may not be valid after cell reselection. One extreme example is that one NR frequency is indicated as high priority by RRC release from cell A. After the UE is reselected to LTE cell B without support EN-DC, such NR early measurement is not useful for cell B although it is indicated as high priority. Anyway, we think a lot of spec works need to be done if we have to support the frequency priority. It seems not a good idea at this late stage of Rel-16 DCCA.

Observation 11: The frequency priority for early measurements may not be valid after cell reselection. One extreme example is that one NR frequency is indicated as high priority by RRC release from cell A. After the UE is reselected to LTE cell B without support EN-DC, such NR early measurement is not useful for cell B although it is indicated as high priority by Cell A.
Thus, we don’t prefer to introduce the frequency priority for early measurements.
Proposal 3: When the UE is configured to measure more frequencies than that for reporting, it is left up to UE implementation on which frequencies to prioritize

3 Summary
In the contribution, we discuss remaining issues of NR early measurements. We propose:  

Observation 1: The intention of introducing granular availability / request indication is for optimal resource utilization when the UE has only available early measurement of one RAT (e.g. less resources can be granted when a UE indicates it has only E-UTRA measurement).
Observation 2: RAN2 has introduced per-RAT early measurement indicator in system information of both LTE and NR, i.e. it is used to indicate whether the UE is required to perform early measurements on EUTRA, NR or both carriers in NR/LTE SIB

Observation 3: Rel-16 existing solution works well (i.e. the UE reports all available early measurement same as Rel-15 euCA). Thus, granular availability / request indication is a kind of signalling optimization at late stage of Rel-16 DCCA. 

Observation 4: Considering RAN2 has introduced per-RAT early measurement indicator in SIB of both LTE and NR, granular availability / request indication will bring only marginal benefit in signalling reduction 
Observation 5: Granular availability / request indication will put extra efforts on UE to check the per-RAT availbilty and filter the early measurements in same RAT. It is better for NW to do it because NW will anyway need to filter its useful measurements (e.g. concerned frequencies) from UE’s reporting
Observation 6: The need code of IEs on SSB measurement in NR SIB4 (nrofSS-BlocksToAverage-r16, absThreshSS-BlocksConsolidation-r16, smtc-r16 and ssb-ToMeasure-r16) are all “need S”.         
Observation 7: The IEs on SSB based early measurement can be included in both RRC release message (UE specific) and SIBx (cell specific)   
Observation 8: If we still use “need S” for these 4 IEs for early measurements, we need to consider the cases that one IE is configured in only SIB but not in RRC release, or only in RRC release but not in SIB. Then the default UE behaviour will be quite complex   
Observation 9: The NR UE can be configured to measure up to 8 carriers but can store/report only 3 of them. 
Observation 10: the same issue has been discussed in LTE euCA (RAN2#108), and RAN2 agreed to leave it to UE implementation.
Observation 11: The frequency priority for early measurements may not be valid after cell reselection. One extreme example is that one NR frequency is indicated as high priority by RRC release from cell A. After the UE is reselected to LTE cell B without support EN-DC, such NR early measurement is not useful for cell B although it is indicated as high priority by Cell A.

Proposal 1: As in LTE euCA, one single availability / request for both LTE and NR configured early measurements
Proposal 2: Use “need R” for SSB related configurations in MeasIdleCarrierNR-r16 (including nrofSS-BlocksToAverage-r16, absThreshSS-BlocksConsolidation-r16, smtc-r16 and ssb-ToMeasure-r16). When these IEs are not provided in both RRC release and SIB, the UE doesn’t perform early measurements on the concerned frequency.                  
Proposal 3: When the UE is configured to measure more frequencies than that for reporting, it is left up to UE implementation on which frequencies to prioritize
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